Abstract: Rhodamine dyes have been studied in various scientific areas due to their excellent photophysical properties. In particular, these rhodamine dyes are one of the most famous fluorophores as signal unit in chemosensor study. This is related to spirolactam ring system in rhodamine dyes. When the spirolactam ring is closed, there is nonfluorescence and colorless. Whereas, ring-opening of the corresponding spirolactam induces strong fluorescence and color. These absorption and emission changes are related to structural changes as well as electron energy potential levels such as HOMO and LUMO values. In this study, two different structures of rhodamine 6G hydrazide depending on the spirolactam ring system were investigated using absorption measurement, electrochemical measurement and computational calculations.
Introduction
Recently, various kinds of fluorophores such as rhodamine, coumarin, pyrene, xanthenes, squarine, cyanine, boron dipyrromethene difluoride (BODIPY), nitrobenzofurazan have been researched in wide ranges of scientific areas 1) . Among these fluorophores, rhodamine dyes are one of the most used fluorophore due to their high photostability and excellent photophysical properties 2) .
In scientific areas, rhodamine dyes have been studied for chemosensor. This is related to spirolactam ring system in the structure of rhodamine derivative 3) .
Depending on spriolactam ring system, absorption and emission properties can be observed by color and fluorescence changes in visible states. Using the theoretical background, there are so many researches have been reported using rhodamine derivatives on the subject of chemosensor 1, 3) . HOMO/LUMO energy levels are related to the absorption property. These energy levels were affected by molecular orbital and identifications of electron transition 4, 5) . † Corresponding author: Young-A Son (yason@cnu.ac.kr) Tel.: +82-42-821-6620
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In this regard, the theory is useful to apply for electrochemistry, because proton transfer functions or unshared pair/empty orbital interactions are related to HOMO and LUMO potential energy levels 6) .
In this work, rhodamine 6G hydrazide (R6GH), one of the most used rhodamine derivatives, was investigated to determine HOMO and LUMO energy levels depending on changes of spirolactam ring system. The change of spriolactam ring in rhodamine 6G hydrazide (R6GH) was induced by Cu
2+
. Because Cu 2+ is the high selective detection cation in published paper 1) . 
Measurements
All material used for the synthesis were purchased from Aldrich and Alfa Aesar companies, and which were used without further purification. 
Results and Discussion
To investigate the optical property of R6GH depending on the presence or the absence of target metal ion, we measured absorption and emission spectra of the prepared R6GH with addition of Cu 2+ ion. In . In general, rhodamine derivative showed a color change and strong fluorescence by activation of a carbonyl group in a spirolactam moiety. On the basis of theoretical background and references 9, 11) , the promising mechanism of R6GH + First of all, the band-gap energy of respective R6GH and R6GH + Cu 2+ was investigated by using absorption measurement as shown in Figure 3 were observed in these spectra. To calculate HOMO values using these obtained onset and peak potential values, the following equation (2) used. E 1/2 (Ferrocence) values of 0.42V were applied in equation 6, 12, 13) .
HOMO (eV) = -4.8 -(E peak/onset -E 1/2 (Ferrocence)) ············ (2) Through calculation with equation (2) bases set was used to calculate the energy level of the frontier molecular orbits [14] [15] [16] . 
Conclusions
In this work, rhodamine hydrazide (R6GH) was synthesized and investigated for its optical properties and HOMO/LUMO values. In optical properties, complexation between R6GH and Cu 2+ ion leads to the enhancement of absorption and emission intensity in visible wavelengths. This is related to the change of spirolactam ring system in R6GH structure. With absorption measurement, cyclicvoltammetry and computational calculations, HOMO
and LUMO values were determined and compared.
The results proposed that onset potential calculation is more accurate than peak potential calculation. In addition, these results from electrochemical approaches were considered to compare more detailed characteristics of the designed molecules.
